Introduction: Palivizumab is indicated for the prevention of respiratory syncytial virus (RSV) infection in high-risk children. Previous palivizumab utilization studies examined prior authorization claims but did not examine utilization within insured populations as a whole. This study describes outpatient palivizumab utilization trends and characterizes high-risk infants receiving palivizumab within Medicaidand commercially insured populations.
Methods: Infants born July 1, 2003 through June 30, 2013 were identified in the MarketScan Ò Multistate Medicaid and Commercial claims databases. Infants with C 18 months of continuous medical insurance enrollment with pharmacy benefits after birth and evidence of chronic lung disease of prematurity (CLDP), congenital heart disease (CHD), or preterm birth without CLDP or CHD were studied. Palivizumab use and demographic and clinical characteristics were measured in infant subgroups. Outpatient palivizumab utilization rates were calculated for each seasonal year (July-June) and for each infant subgroup. Results: In total, 29,350 (2.1%) Medicaid-insured and 9589 (2.5%) commercially insured infants received palivizumab and had CLDP, CHD, or were born at\37 weeks gestational age (wGA). Infants with CLDP (82%) and those\29 wGA (78%) had the highest utilization. Decreases in utilization rates between the 2003-2004 and 2012-2013 seasons were seen among Medicaid-insured infants born at 29-36 wGA (all P\.0001), and commercially insured infants born at 31-32 wGA (P\.0001), 33-34 wGA (P = .055), 35-36 wGA (P\.0001), and with CHD (P = .003). Utilization by month was consistent across subgroups among Medicaidand commercially insured infants, with most doses administered from November to March. Conclusion: Palivizumab use is targeted to a small percentage of infants who are at highest risk of hospitalization for RSV disease.
INTRODUCTION
Respiratory syncytial virus (RSV) is the most common cause of lower respiratory tract illness [1, 2] , and is the leading cause of hospitalization in infants [3] . RSV infections primarily occur from late October to early April in the 10 regions defined by the US Department of Health and Human Services; [4] the exception is Florida, where the RSV season starts in July. Certain conditions in infants may increase the risk of severe RSV infection, including chronic lung disease of prematurity (CLDP)/bronchopulmonary dysplasia (BPD), hemodynamically significant congenital heart disease (CHD), and preterm birth [5, 6] .
Prevention of disease is critical in managing RSV because there is no well-defined treatment standard, and interventions are essentially limited to supportive care [7] . Palivizumab, a humanized monoclonal antibody, is indicated for the prevention of serious lower respiratory tract disease caused by RSV in high-risk children. Safety and efficacy have been established in randomized clinical studies of children with BPD or hemodynamically significant CHD and infants with a history of prematurity [i.e., infants born at B 35 weeks gestational age (wGA)] [8, 9] . US Food and Drug Administration (FDA) approval was granted in 1998 at a dose of 15 mg/kg administered intramuscularly every 28-30 days throughout the RSV season [10] .
The American Academy of Pediatrics (AAP) Committee on Infectious Diseases (COID) issues policy statements on the use of palivizumab for RSV immunoprophylaxis every 2-3 years; the policy statement was most recently updated in 2014 [11] [12] [13] [14] . The 2009 and 2012 policies for RSV immunoprophylaxis recommended either 3 or 5 doses based on gestational age, chronologic age, and the presence of CLDP or hemodynamically significant CHD [12, 13] . In 2014, however, the AAP policy was revised to no longer recommend palivizumab prophylaxis for otherwise healthy infants born at 29-35 wGA or for those with hemodynamically significant CHD who were aged[12 months [14] . The 2014 AAP guidance also defined CLDP as infants born at or before 32 wGA requiring[21% oxygen supplementation for at least the first 28 days of life. Infants meeting this criterion were recommended to receive immunoprophylaxis up to 12 months of age. Infants between 12 and 23 months of age with CLDP were recommended for immunoprophylaxis only if they had received medical intervention (bronchodialators, steroids, diuretics, or oxygen) within 6 months prior to the onset of the RSV season [14] .
Most previous palivizumab utilization studies identified patients through palivizumab referrals for prior authorization, and, therefore, do not offer insight into utilization within the entire population [15] [16] [17] . In addition, published studies have limited time horizons, with utilization described for only one RSV season or a few consecutive seasons. This study addresses an important data gap by describing trends in outpatient palivizumab utilization prior to the changes made in the 2014 AAP policy. Specifically, this study aims to describe outpatient palivizumab utilization trends over a 10-year period, while also attempting to better characterize the high-risk infant subpopulations who received palivizumab within Medicaid-and commercially insured populations.
METHODS

Data Sources and Patient Identification
This analysis focused on infants selected from the Truven MarketScan Ò Multi-State Medicaid and Truven Health MarketScan Ò Commercial Claims and Encounters databases. These databases contain enrollment information, inpatient and outpatient medical claims data, and outpatient pharmacy claims for Medicaid enrollees from several geographically diverse states and enrollees from self-insured employers and health plans. The data were previously collected, statistically de-identified, and made compliant consistent with the privacy rule conditions set forth in Sects. 164.514 (a)-(b)1ii of the Health Insurance Portability and Accountability Act of 1996; as such, approval from an institutional review board was not required. This noninterventional study is based on previously available data and does not involve any new studies of human or animal subjects performed by any of the authors; therefore, this study was not registered on ClinicalTrials.gov.
Infants born between July 1, 2003 and June 30, 2013 were identified in inpatient medical claims based on diagnosis-related groups (DRGs) and International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). Infants must have been discharged alive from their birth hospitalization and continuously enrolled with pharmacy benefits for C 18 months following birth.
DRGs, diagnosis, procedure, and medication codes were used to create mutually exclusive infant risk groups: infants with rare, complex medical conditions (cystic fibrosis; immunodeficiency; congenital anomalies of respiratory system; neuromuscular disease; other neuromuscular, immunologic, or genetic conditions; or organ transplants), CLDP, CHD, and preterm and full-term without the previously mentioned conditions (Supplementary Table 1 ). The subset of infants identified as having CLDP or CHD, or being born preterm with specific gestational age information (based on ICD-9-CM diagnosis codes), were included in the study consistent with FDA-approved product indication.
Study Variables
The primary outcome for this study was palivizumab utilization rates during the first 18 months of life. Utilization was calculated by seasonal year, defined as July 1-June 30. Palivizumab claims were identified in the outpatient setting by the presence of any of the following: outpatient prescription drug claim with a National Drug Code 54569549100, 54569549200, 60574411101, 60574411201, 60574411301, or 60574411401; and an outpatient medical claim for palivizumab administration (Current Procedural Terminology code: 90379; Healthcare Common Procedure Coding System codes: S9562, C9003, J1565). Palivizumab drug and administration claims occurring within 7 days of each other were considered to represent the same dose. Although there is geographic and annual variability in the timing of RSV circulation in the United States, the RSV season was defined based on the national annual average as occurring between November 1 and March 31, based on data collected and published by the Centers for Disease Control and Prevention [18] . The infant's age relative to the start of RSV season (November 1) was also captured.
The number of palivizumab doses administered per infant was captured for the 2012-2013 seasonal year. As inpatient doses of palivizumab are not captured in the database, only outpatient utilization was assessed. The presence of at least one outpatient dose, the number of doses (1, 2, 3, 4, 5, 6, 7, or more doses), the month of dose, and timing of dose relative to the RSV season (defined below) were captured.
Sex and race/ethnicity (Medicaid-insured children only) were identified using enrollment records. The following birth-related characteristics were also measured: birth month, length of stay for birth hospitalization, and cost of birth hospitalization. In addition, proxies of health status at birth were determined from the birth hospitalization. Specifically, admission to the neonatal intensive care unit (NICU) was identified by revenue codes, procedure codes, and inpatient claim diagnoses. Evidence of respiratory problems was based on the presence of C 1 claim with a diagnosis of respiratory distress syndrome in newborn, apnea of newborn, and/or other respiratory problems (ICD-9-CM codes: 460-519) during the birth hospitalization.
Analyses
Data for Medicaid-and commercially insured infants were analyzed separately. Means and standard deviations were reported for continuous variables; counts and proportions were reported for categorical variables. Utilization rates were calculated by seasonal year, and the average number of doses was calculated for the 2012-2013 season, the most recent season for which data were available. Palivizumab utilization was compared between the 2003-2004 and 2012-2013 seasons using Chi-squared tests.
RESULTS
Patient Characteristics
Over 2.3 million Medicaid-insured infants and 2.1 million commercially insured infants born between July 1, 2003 and June 30, 2013 were identified for potential inclusion (Table 1 ). Of these, approximately 1.4 million (58%) Medicaid-insured infants and 576,000 (26%) commercially insured infants were discharged alive from their birth hospitalization while also having C 18 months of continuous enrollment with pharmacy benefits. In addition, 36,437 (2.6%) Medicaid-insured and 14,198 (2.5%) commercially insured infants received palivizumab.
The majority of palivizumab use (93.1% of Medicaid-insured and 93.2% of commercially insured infants) occurred among infants who were classified as\37 wGA, preterm with 
Demographic and Birth-Related Characteristics of Palivizumab Recipients
Demographic and birth-related characteristics, stratified by subgroup and palivizumab use, are presented in Tables 2 and 3 . In the Medicaid-insured population, 33-42% of prophylaxed infants were born during the RSV season, 28-37% were aged\3 months at the start of the RSV season, and 17-30% were aged 3-6 months at the start of the RSV season. For Medicaid-insured infants, the median length of stay of birth hospitalizations ranged from 8 to 72 days in infants who received palivizumab, and from 4 to 57 days in infants who did not receive palivizumab, with infants born\29 wGA and infants with CLDP having the longest median length of stay. Most infants born at B 34 wGA and infants with CLDP or CHD were admitted to the NICU and commonly had respiratory problems diagnosed at birth, with similar findings among those with and without palivizumab use. The median cost of a birth hospitalization in infants who received palivizumab ranged from US$9602 to US$130,278 across cohorts, with infants\29 wGA and with CLDP having the highest median cost.
In the commercially insured population, 37-44% of infants were born during the RSV season, 24-35% of infants were aged\3 months at the start of the RSV season, and 17-28% were aged 3-6 months at the start of the RSV season. The median length of stay of birth hospitalizations in commercially insured infants was 10-74 days in infants who received palivizumab and 4-58 days in infants who did not receive palivizumab, with infants born\29 wGA and infants with CLDP having the longest median length of stay. The majority of commercially insured infants born at\34 wGA and infants with CLDP or CHD were admitted to the NICU at birth, with respiratory problems being most commonly diagnosed, a finding also noted in the Medicaid population. The median cost of a birth hospitalization ranged from US$24,351 to US$283,178, with the highest cost observed in infants born at\29 wGA and infants with CLDP.
Palivizumab Utilization
Average palivizumab utilization during the study period was highest among infants with CLDP and infants in the\29 wGA group, followed by infants 29-30 wGA, infants 31-32 wGA, infants with CHD, infants 33-34 wGA, and infants 35-36 wGA (Fig. 1a, b) . Among both the Medicaid-and commercially insured infant groups, utilization rates for those born\29 wGA and those with CLDP remained consistent during the study period; there were no significant differences in utilization from the first seasonal year (2003) (2004) to the last seasonal year (2012-2013) evaluated (\29 wGA: Medicaid P = .251, commercial P = .890; CLDP: Medicaid P = .668, commercial P = .651).
In Medicaid-insured infants, utilization decreased significantly between the 2003-2004 and 2012-2013 seasons for infants 29-30, 31-32, 33-34, and 35-36 wGA (P\.001). In commercially insured infants, there was significant change in utilization from the first to last year evaluated among infants 31-32 wGA (P\.001) and 35-36 wGA (P\.001). Utilization in infants 33-34 wGA decreased over the study period and approached significance (P = .055); among infants 29-30 wGA, there was no significant change (P = .815). Utilization rates among infants classified as CHD decreased only in the commercially insured population (Medicaid: P = .502, commercial: P = .003) across the study period.
During the 2012-2013 RSV season, most doses of palivizumab were administered during Table 4 ) showed that most infants received\5 doses, with an average range of 2.4-3.7 doses per infant. In both the Medicaid-and commercially insured populations, the average number of doses received was lowest for infants in the 33-34 wGA group and highest among commercially insured infants with CLDP.
DISCUSSION
This analysis of two large US claims databases demonstrated that outpatient utilization of palivizumab occurred in\3% of all infants born each year within both the Medicaid-and commercially insured populations. For both Medicaid-and commercially insured infants in this study, palivizumab utilization rates were highest among infants with CLDP and infants\29 wGA and were consistent during the study period. These findings were anticipated, as these groups are considered to be at greatest risk of severe RSV disease and have consistently received the AAP's recommendation to receive palivizumab. Of note, over the study period, palivizumab utilization decreased significantly among infants 29-36 wGA in the Medicaid-insured population and among certain infant cohorts (31-32 wGA, 35-36 wGA, and with CHD) in the commercially insured population. These decreases in utilization can be partially explained by changes to the 2009 and 2012 AAP policies on the use of palivizumab. These policy statements recommended that infants with CLDP, CHD, or born at\32 wGA should receive 5 doses of palivizumab during the RSV season. In 2009 and 2012, infants born at 32-34 wGA were recommended to receive a maximum of 3 palivizumab doses, with cessation of therapy at 3 months of age. These data suggest that, within 1 year of a policy change, a Table 4 Total number of outpatient doses received during the 2012-2013 RSV season [11] [12] [13] . The data suggest that the revisions to the guidance for 32-35 wGA infants unintentionally limited palivizumab use among infants\32 wGA. Despite the COID recommendations for RSV immunoprophylaxis in certain specified groups, palivizumab utilization was found to be inconsistent. In some cases, high-risk infants may not seem to ''qualify'' for immunoprophylaxis when considering confounding factors such as birth date and hospital discharge relative to the RSV season. Infants are at highest risk of severe RSV disease during the first 6 months of life [19] . As such, infants born shortly after one RSV season would be aged[6 months during the following RSV season and may not have been identified to receive palivizumab. In a recent multicenter observational study by Anderson et al., it was found that 29-35 wGA infants had a high frequency of ICU admissions and invasive mechanical ventilation at younger chronologic ages [20] . In addition, the MarketScan Ò databases do not capture information on doses administered in the inpatient setting, and it is likely that some infants in both study populations received a palivizumab dose prior to hospital discharge, and that the overall utilization rates are somewhat higher than the outpatient-only rates.
Although it was not the intent of the study to compare within-cohort differences between infants who did or did not receive palivizumab, there were some consistent trends, including higher birth hospitalization length of stay and cost, rates of NICU admission, and diagnosis of respiratory problems among infant groups that received palivizumab. This suggests that, even within high-risk subgroups, prescribers may be recommending palivizumab for infants they perceive to be at greatest risk of severe RSV disease.
To our knowledge, this is the first study that has assessed trends in palivizumab utilization over a 10-year period, and also the first to provide detailed information on the birth hospitalizations for palivizumab-treated infants.
Although three previous studies provide context for our findings, none reported palivizumab utilization as a percentage of live births. As such, there is not an opportunity for benchmarking the overall utilization rate obtained in our study [15] [16] [17] . In the first of these studies, Diehl et al. [15] assessed compliance with the outpatient palivizumab dosing schedule as recommended by the 2006 AAP guidelines. These infants only received palivizumab if they met prior authorization (PA) criteria based on the COID recommendations. Of those patients who received palivizumab, only 30% of the prophylaxed infants were deemed to be compliant with the guidelines (i.e., they received their first outpatient dose prior to the start of the RSV season or within 37 days of discharge from their birth hospitalization, and they received subsequent monthly injections on time) [15] . Whereas the Diehl et al. [15] study gleaned insight into utilization during one season within a managed care organization, utilization was assessed by chronologic age rather than separately for infants in specific high-risk subgroups, which could explain why some infants may not have been compliant. It is conceivable that a correlation existed between gestational age and entire-season compliance (e.g., infants born[32 wGA). Stewart et al. [17] evaluated outpatient palivizumab utilization and the relationship between noncompliance and RSV-related hospitalizations using the Optum Research database. Although each study described patients who received palivizumab, neither provided the total number of infants identified during the study period. Because of this, we cannot directly compare the utilization rates from these studies with the utilization rate observed in our study.
Buckley et al. [16] assessed palivizumab utilization rates using SelectHealth administrative claims data based on PA approval or denial from 2005 to 2008. Providers submitted palivizumab claims for 1090 infants over the 3 RSV seasons, among which 742 (68%) were approved, resulting in 648 (59%) receiving C 1 dose of palivizumab. Infants who were PA-approved for palivizumab had a mean gestational age of 32.5 wGA, compared to 34.4 wGA in infants who were PA-denied palivizumab [16] . The average [16] only considered the rate of palivizumab recipients among those who applied for PA, rather than studying utilization among the entire population. In addition, there is no mention of whether inpatient palivizumab was included in the analysis.
Our data must be considered within the limitations of this study. Data used in this analysis were generated for reimbursement purposes, not for research; clinical coding is likely imperfect. We report outpatient palivizumab use only; therefore, presumably these data represent an underestimate of utilization, as some infants would be eligible to receive only 1 inpatient dose of palivizumab. Quantifying number of palivizumab doses administered proved to be challenging. First, our data were extracted from both administration in outpatient medical claims and drug procurement in outpatient pharmacy claims. In addition, because larger infants require multiple dosing vials to achieve the weight-based dosing guidelines for palivizumab, this can result in multiple pharmacy claims. In an effort to control for this, we created an algorithm to improve the accuracy of dose counting by combining administration and drug claims. Although this reduced the risk of overcounting doses, overestimation may still have occurred. Because of specificity limitations within ICD-9-CM codes, the current analysis considers all infants diagnosed with CHD rather than the narrower cohort of infants born with hemodynamically significant CHD. This may have caused our utilization rates to be lower in this population, as not all infants diagnosed with CHD are eligible to receive palivizumab. Furthermore, because this study was primarily a descriptive analysis of trends, we did not formally explore reasons for the observed differences in palivizumab utilization. Further research should be conducted to evaluate palivizumab utilization by geographic location and socioeconomic status.
CONCLUSIONS
This is the first study to assess trends in utilization of palivizumab over a 10-year period within the population of infants who were recommended by the AAP guidelines. Among infants born in the United States, palivizumab utilization from 2003 to 2013 was low relative to the total number of infants born each year, and specifically targeted to infants at high risk of hospitalization for severe RSV disease. Utilization has declined in recent years for both Medicaid-and commercially insured infants. In most cases, palivizumab immunoprophylaxis was appropriately utilized during the RSV season, with the majority of infants receiving B 5 doses, as per current recommendations.
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